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The current battlefield is changing rapidly.  Combat 
operations against irregular forces are set in a dispersed, 
non-linear battlefield.  Vast distances between small units 
such as the infantry squad and the distances from these 
small elements to their supporting organizations pose 
unique challenges.  Casualty evacuation is one of these 
challenges.  
The goal of casualty evacuation is to transport an injured 
Marine from the point of injury to life saving surgical care 
quickly.  The first 60 minutes after a traumatic injury is 
referred to as the “golden hour.”  The chances of survival  for 
critically injured trauma patients depend on immediate 
surgical care.  Increased dispersion results in longer distances 
from the point of injury to medical care facilities with a 
corresponding increase in the delay between the time of 
injury and life saving surgical care.  The non-linear aspects of 
this battlefield increase the threat to aircraft crews and 
platforms conducting casualty evacuation.  Aerial CASEVAC, 
executed with manned assets, places additional lives at risk.
Unmanned aerial systems (UAS) offer an alternative 
means of air casualty evacuation. This alternative may 
provide time-critical response while reducing threat to aircraft 
crews.
The specific objective for Team 2 at IDFW 18 was to 
determine which performance factors of a UAS has the 
greatest impact on CASEVAC.
Ineffective CASEVAC Can Cost Lives
During CASEVAC, the patient is stabilized before transport 
because, unlike medical evacuation (MEDEVAC), emergency 
care may not be provided en route.  
Treatment time lost en route, and greater distances from 
the point of injury (POI) to life-saving surgical care, creates a 
need for faster reaction and reduced travel times.
Boeingʼs Unmanned Little Bird (ULB) Provides 
a Unique Opportunity for Live Force 
Experimentation
With a maximum speed of 134 mph, a range of 379 miles, 
and flight ceiling of 7,300 ft, the ULB is well suited for use as 
an experimental aircraft in the context of unmanned 
CASEVAC.  Its small size (23-ft length, 26.35-0ft width, and 
8.14-ft height) allows for entry into landing zones that would 
otherwise be impractical for larger aircraft.  The ability to 
take off with a maximum weight greater than 3,500 lbs 
provides the flexibility to deliver  supplies and transport 
casualties.
Figure 1: Boeing’s Unmanned Little Bird
SCENARIO
There are three platoon locations, separated by over 50 miles. 
Casualties are experienced over a 96  hour time window. 
UAS(s) is dispatched to retrieve casualties.  The forward 
operating base (FOB) is centrally located with UAS support 
and surgical care.  Casualties are evacuated between 5 and 
45  miles from the FOB.  Any casualties inside of 5 miles will 
be evacuated via ground transportation.  
A casualty-causing event where there is no longer a threat 
present near the POI is modeled.  There are, however, three 
threat cases.
• High Threat - The high threat case models a casualty-
causing event in which the threat is located in close 
proximity to the POI and along the route of flight of the 
UAS.
• Area Threat - The threat is near the POI.
• Route Threat - The threat, in this case, is located along 
the flight route.
Basic Assumptions for CASEVAC Model
• All casualties were properly stabilized and triaged before 
transport.
• Patient status did not degrade during the evacuation 
flight.
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• Surgical care was collocated with the ULB launch and 
recovery site.
• All radio communications were reliable.
Agent Descriptions
Five agent types are used in this simulation:  the casualty, the 
UAS, the Direct Air Support Center (DASC), the surgical 
care facility, and the threat.
• The UAS agents used in the model were constructed 
with location, speed, survivability, capacity, and route 
characteristics.
oCASEVAC – When casualty notification is received, the 
UAS flies to the location of the casualty, retrieves the 
casualty, and then moves to the drop-off location.
• The surgical care facility was the finish line for evacuated 
casualties.
• The DASC received and processed all CASEVAC 
requests.
• The enemy combatants were given a location, sensor 
range, probability of detection, and probability of kill 
characteristics.
• Casualty agents are characterized by instances and 
location.
DESIGN OF EXPERIMENTS
The MOE for this model was mission completion time 
(MCT).
Factor Value Range Explanation
Casualties 1…18 The number of casualties sustained
UASs 1...4 The number of UASs available
Speed (m/s) 46.3...115.7 Airspeed (meters per second)
Litters 1...8 The number of rescue litters that are carried by each UAS
Altitude (m) 304.8…1524 The cruise altitude of the UAS
Load (s) 300...420 Time for UAS to descend, land, and climb to level flight
Enemy Sensor 
Range (m) 0…4828 Sensor range of the enemy
Probability of 
Detection 0.65...0.95
The probability the enemy detects the UAS 
within sensor range
Probability of Kill 0.05…0.03 The probability that the enemy shoots down a UAS
Table 1: Situational factors are in blue, aircraft characteristic 
factors are in green, mission process time factors are in yellow, 
and enemy capability factors are in gray. 
The conditions of the distributed environment influenced 
the choice of experimental factors, which were grouped into 
four categories:  situational, aircraft characteristics, mission 
process times and enemy capabilities.  Aircraft characteristics 
and mission process times are controllable factors.  Situational 
and enemy capabilities are uncontrollable by the decision 
maker.  Table 1 summarizes the input parameters and ranges 
used in the experiment.
MODELS
The Joint Test and Evaluation Agent Model (JTEAM) and 
Pythagoras models were the programs chosen to model UAS 
interaction in the distributed environment.  JTEAM is a 
farmable ABM; time-stepped, and three-dimensional. 
Pythagoras provides the ability to model the terrain of the 
operating environment.
RESULTS AND ANALYSIS
The first runs with the JTEAM model were done without 
mission process time delays.  This provided the same MCT 
for each design point.  
The model was updated and a second batch of runs was 
executed.  In this iteration, the enemy threat was too robust. 
The model was run approximately 1000 times.  Of those, the 
unmanned asset was shot down 331 times.  Presently, JTEAM 
is being updated to account for  this.  Results of the JTEAM 
model are forthcoming.
Pythagoras Output
Analysis of the initial output proved speed was only 
important in instances of one casualty.  As the output was 
further analyzed, there seemed to be some confounding 
between the speed of the UAS and the distance of the 
casualty from the FOB. 
Figure 2 shows the contour plot of the MCT as a function 
of the number of litters and the number of UASs.
Figure 3: Actual vs. Predicted plot for MCTs
The most important factors for shorter mission 
completion times in unmanned CASEVAC is the interaction of 
the number of litters with the number of casualties  followed 
by the number of UASs available.  Speed is a factor, but not 
important as initially expected.
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